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Higgs sector and New Physics

 SM has been successful
— But, yet to be established
— Higgs sector is unknown

Possibility of a non-minimal Higgs sector

* Requirement for physics BSM
— Hierarchy problem
— Dark Matter
— Neutrino mass
— Baryon Asymmetry of Universe

We expect new physics BSM at the TeV scale

Higgs sector is the key to new physics




Decoupling/Non-decoupling

* Decoupling Theorem

Appelquist-Carazzone 1975 TeV --
New phys. loop effect in observables

1/M" > 0 (decouple for M—>oo) =)

100GeV-- @

* Violation of the decoupling theorem
— Chiral fermion loop (ex. Top, 4t" gen. )
Me=YyeV
— Boson loop (ex. H* in non-SUSY 2HDM)
my?=A, v+ M? (when Av? > M?)

Non-decoupling effect ;



To understand the essence of EWSB, we must know the

Higgs potential

self-coupling in addition to the mass independently
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Case of Non-SUSY 2HDM

* Consider when the lightest h is SM-like ? :
[sin(B—oa)=1] o 7
Nh

* Attree, the hhh coupling takes the "

same form as in the SM ®=H, A H*
* At 1-loop, non-decoupling effect m*
(lf M < V) SK, Kiyoura, Okada, Senaha, Yuan, PLB558 (2003)
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Relation to electroweak baryogenesis

Sakharov’s conditions:
B Violation — Sphaleron transition at high T
C and CP Violation —> CP Phases in extended scalar sector
Departure from Equilibrium = 15t Order EW Phase Transition
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EW baryogenesis and the hhh coupling

Finite temperature potenital

Vp($,T) = D(T? - T3)¢? - BT¢® + 556 + ..
(;bc/Tc — 2E/ATC
E=1 3(6mW + 3m3)+ New Phys. Effect

Ay =m?/2v? + log corrections

dc/Te > 1= QE/)\TC > 1

SM: m, < 60GeV Excluded by LEP

2HDM: m, =120GeV Possible due to
non-decoupling effect
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In this talk

We consider an extended SUSY Higgs model which can
realize the strong 15t OPT due to the non-decoupling effect

SUSY

— Cancellation of quadratic divergences

— DM candidate (R-parity)

— Many CP phases

— GUT, Radiative EW breaking

— Even if it becomes a strong coupled theory at 10 TeV, still nice

EW baryogenesis in SUSY models
MSSM, MSSM+U(1), NMSSM, ...

We here consider a new model for EW baryogenesis



What kind of SUSY Higgs sectors give
strong 15t OPT ?
(large deviation in the hhh coupling?)

Case of 9 4 N 3 1
oiDM S, mg M m;

Non-SUSY )\hhh = —; 1 + 19 5 9 1 — —5 — m

T H D M ?. Tl- W}: h n?f (I) Tl- ?. n?fh

1. MSSM: only D term [+ (F-term top Yukawa at loop)]
determines m,, hhh etc. (A light stop scenario)

2. General SUSY Higgs sector
V.= |D|%+ |F|? + Soft-breaking
F-term contributions: appear with additional singlets, triplets
W=A H,.H,@
Large non-decoupling effects can appear in observables via F-term



NMSSM (MSSM =+ )

Chiral Superfield: S (singlet)
which generates F-term interaction

W=A4,,c H,H;S

Vi = Apps® [Hy Hy [7 + Qs TH, S 12+ Aps? [Hg S [P

LR . L
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,\/ | W Contribution Contribution to AHHS/)( /l\ HHS
, \ N To the mass The hhh coupling 7 \ E UON .
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Same coupling makes both m, and the hhh coupling large
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—_ .
= kR

Fat Higgs model

Harnik, Kribs, Larson, Murayama

coupling

i I = S =y T = =

Composite H,;, H,, N
A UV complete theory
At low energy, a strong NMSSM

W = \M(NHyHp — v3) _.
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4HDM +charged singlets Q, ,

H’, 4. extra doublets, (2, ,: charged singlets TeV -+
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VFzﬂ’lZ |HuHu,|2_|'ﬂ“12 |HUQ]|2+112 |HuHu’|2 .
$2,2 [HyHy 12+ 2,2 [Hy 2,12+ 2,2 |Hy H|? LEARILT
1ooee\£|_ Higgses

NO tree level J One-loop contribution
. . . h , h
contribution tothe . - n VO OH //
mass of h N O HN LY A" T\ A
;\zy ’ 4 A2 - - o

h h s\ \ + - l h + ...

\ v h/ O \ Q,H'\/_\, Q,H

/\(gz ’ & 7 A\

VRN ’ \

h/ . h

Non-decoupling effect appears in the hhh coupling
after renormalization 12



Non-decoupling effects
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Electroweak Phase Transition

Finite T potential 180 |
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RGE analysis in 4HDM+(2

W=A, HH/ Q.+, H H, O,
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EW Phase Transition in 4HDM+()

S.K., E.Senaha, T. Shindou arXiv:1109.5226

180

W=A, H H/Q+ A, HyH L2, 160

For relatively large A,, A, couplings, 110
120

Sphaleron condition is satisfied o

AHDM+C2 is a new viable model
which can give the strong 15t OPT
easily. (2 TeV < A_ < 10% TeV)
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Ao
In this case, deviations in the hhh coupling = 15% - 70 %

Large hhh coupling® Strong 1t OPT Testable at ILC |




Higgs self-coupling at ILC
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Higs self-coupling sensitivity
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Summary

We have discussed an extended SUSY Higgs sector which
can naturally realize the strong 15t order phase transition

W=, H H Q.+, H H Q,

Relatively large A,, A, couplings give significant non-
decoupling contributions to the Higgs potential
(15t OPT and the large deviation in the hhh coupling)

— Strong coupled theory with a light SM-like Higgs boson

The model can be a new candidate for successful EW
baryogenesis

The scenario can be tested by measuring the hhh coupling
at the ILC (and light charginos)
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Next-to-MSSM  (NMSSM )

Two Higgs doublets H,, H, and a singlet S

W=AgcH, HS—KkS3

Mass of the lightest h in the NMSSM

[ ] ' lr . p 2 I‘ - .
m; ~m3 cos” 28 + (A5 g ev?/2)sin” 23 + Omfmp

D-term F-term Ellwanger;

What is the size of 1,,,,? Kf”‘f' Kolda, Wells
RGE analysis with a cut-off scale A

Cut-off A: GUTscale >A,,~0.75 (m,~ 140 GeV)
Cut-off A: TeV scale 2> Ayys ™ 2.5 (m,~ 450 GeV) -




Upper limit on m, as a function of tanf3
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The triple Higgs boson coupling

MSSM Decouple!
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Large tanB = Small m, = Large hhh deviation
Small tan3 = Large m, = Small hhh deviation

4HDM + charged singlets

m, determined by D-term o
F-terms only contribute to hhh — Large hhhdeviation



m,-AA,,., plot for each tanf
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